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FORCE MEASUFGMENTS ON AXISYMMETRIC MODELS WITH 

HAMMERHEAD NOSES AT TRANSONIC SPEEDS 

By Bruno J. Gambucci and Robert C. Robinson 

Ames Research Center 

1 SUMMARY 

I A wind-tunnel investigation was conducted to determine normal-force, 
i pitching-moment, and axial-force coefficients for five models with hammerhead 

noses. 
to +bo and a Mach number range from 0.70 to 1.20. 
model base diameter, varied with Mach number from 1.81 to 2.19 million. 

I Data were obtained for model angles of attack from approximately -1' 
Reynolds number, based on 

INTRODUCTION 

The fairing over the nose of a launch vehicle sometimes assumes a bulbous 
shape because the diameter of the payload exceeds that of the last stage of 
its launch vehicle. This hammerhead fairing protects the payload from the 
airstream and is designed for minimum weight. The shape of the fairing sig- 
nificantly affects the aerodynamic loads (steady and unsteady) in the tran- 
sonic speed range. Considerable research has been done to determine the 
unsteady aerodynamic loads on various hammerhead nose shapes. Dynamic test 
results of a wind-tunnel investigation of some models with hammerhead noses 
are presented in reference 1. In references 2 and 3, static and fluctuating 
pressures were measured on models with similar nose configurations. 

As noted, a variety of data is available for hammerhead shaped configu- 
rations, but static-force measurements are lacking. Static-force data 
obtained in connection with the dynamic tests reported in reference 1 and 
presented herein include normal-force, pitching-moment, and axial-force coef- 
ficients for five hammerhead configurations. Most of these configurations 
are not practical because they are subject to dynamic instability at some flow 
conditions. The data for other flow conditions should be useful for estimat- 
ing static loads and for determining aerodynamic influence coefficients for 
design purposes. 



NOTATION 

a x i a l  force  CA axial-force coef f ic ien t ,  
qs 

pi tch ing  moment Cm pitching-moment coef f ic ien t ,  
qSd 

CN normal-force coef f ic ien t ,  normal force 
qs 

d model base diameter 

M Mach number 

q free-stream dynamic pressure 

S model base a rea  

a angle of a t t a c k  

MODELS AND TESTS 

The models used i n  t h i s  t e s t  program ( f i g .  1) were i d e n t i c a l  t o  f i v e  of 
the  models employed f o r  the dynamic t e s t s  of reference 1. The model i d e n t i -  
f i c a t i o n  numbers ind ica t e  t h a t  they were p a r t  of a l a rge  s e r i e s  of configu- 
r a t ions  tes ted  i n  e a r l i e r  work. 
changing the  nose from 30' t o  15O ( f i g .  l ( a ) ) .  
reducing the  b o a t t a i l  angle t o  10' (dashed l i n e )  from the 20' b o a t t a i l  angle 
of model 22 ( f i g .  l ( b ) ) .  Model 7 ( b )  ( f i g .  l ( c ) )  has a shallow b o a t t a i l  angle 
and an e l l i p t i c a l  nose with no d i scon t inu i t i e s .  

Model 24 was derived from model 8(a) by 
Model 23 was the r e s u l t  of 

The models were s t i n g  mounted i n  the wind tunnel.  A c y l i n d r i c a l  f a i r i n g  
severa l  base diameters long was clamped t o  the s t i ng .  The normal and a x i a l  
forces  were measured by an i n t e r n a l  s t ra in-gage balance. The moment center  
used i n  computing the p i tch ing  moment was loca ted  i n  the  base plane f o r  each 
model a s  shown i n  f igu re  1. A photograph of model 7 ( b )  mounted on the wind- 
tunnel model support system i s  shown i n  f i g u r e  2. 

The t e s t s  were conducted i n  the  Ames 14-Foot Transonic Wind Tunnel. The 

The model 

The models were designed 

Mach number was varied from 0.70 t o  1.20 with corresponding Reynolds number 
var ia t ions  from 1.81 t o  2.19 mil l ion  based on model base diameter. 
angle of a t t a c k  was varied from a = -lo t o  +bo. 
not obtained because of model s t r eng th  l imi t a t ions .  
for dynamic t e s t i n g  which required l i g h t  weight; therefore ,  the model s t r u c -  
t u re  could not  sa fe ly  s u s t a i n  the  aerodynamic loads a t  
descr ip t ion  of the model construct ion technique i s  given i n  reference 1. 

Data beyond a = 4' were 

a > 4'. A d e t a i l e d  
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PREEISION OF DATA 

I n  the data acquis i t ion  procedure, energizing the pr in t -out  c i r c u i t  
causes three  da t a  points  t o  be recorded i n  succession over a shor t  period of 
time. The coef f ic ien ts  were computed from the  average of the  three points.  
However, under some flow conditions, t he  individual  points  d i f f e r  g r e a t l y  from 
the average. Figure 3 shows the deviat ions of the individual  d a t a  points  from 
t h e i r  average values f o r  model 24 i n  steady and unsteady a i r f low conditions.  
The unsteady flow i s  a f luc tua t ion  between separated and attached flow i n  the 
b o a t t a i l  region t h a t  causes l a rge  buffet ing forces  on the  model a s  reported i n  
references 1 and 4. 
average were approximately 0.005 f o r  normal-force coe f f i c i en t  and 0.025 f o r  
pitching-moment coe f f i c i en t  when the a i r f low conditions over the model were 
steady. 
0.023 and 0.05, respect ively,  a t  a = 0'. 

The deviat ions of the individual  readings from t h e i r  

When the  conditions were unsteady, CN and Cm f luc tua ted  as much as 

Axial-force coe f f i c i en t  (not  shown) f luc tua ted  as much as 0.026 f o r  
unsteady a i r f low conditions and 0.002 f o r  s teady a i r f low conditions. 

The model angle of a t t ack  w a s  s e t  within ?0.lo, and the wind-tunnel f r ee -  
stream Mach number was measured within kO.005. 

RESULTS AND DISCUSSION 

The normal-force and pitching-moment coef f ic ien ts  measured f o r  the f i v e  
models of t h i s  inves t iga t ion  a r e  presented i n  f igures  4 t o  8 as a funct ion of 
angle of a t t a c k  f o r  a range of Mach numbers. A close examination of the C 
data f o r  models 8(a) (30' nose and 8.2' b o a t t a i l ) ,  23 (10' boat ta i l ' ) ,  and 2! 
(15' nose and 8.2' b o a t t a i l )  ( f i g s .  4, 5, and 6, respect ively)  reveals  t h a t  
a l l  three  configurations have regions of s t a t i c  s t a b i l i t y ,  as evidenced by the 
negative s lope of the  data.  It i s  a l s o  shown t h a t  these regions occurred over 
a narrow range of Mach numbers and model angles of a t t ack  f o r  each of the 
three  models. The region of negative Cm slope corresponds t o  the conditions 
where dynamic i n s t a b i l i t y  was observed i n  reference 1 f o r  these same configu- 
r a t ions .  The CN d a t a  f o r  the three  models show d i scon t inu i t i e s  a t  the t e s t  
conditions f o r  which the  airf low was unsteady, pr imari ly  from a = -1' t o  +lo. 
This region corresponds t o  t h a t  where the l a r g e s t  deviat ions i n  the da t a  were 
recorded; hence, the  dashed l i n e  f a i r i n g  i s  used t o  ind ica te  uncer ta in t ies .  
The devia t ions  f o r  the  regions of uncer ta in t ies  were shown i n  f igu re  3. 

The d i scon t inu i t i e s  i n  the  CN and Cm d a t a  f o r  a = 0' a t  M = 1.19 f o r  
model 22 (20' b o a t t a i l )  ( f i g .  7) a l s o  correspond t o  a region of dynamic 
i n s t a b i l i t y  ( r e f .  1). 
model 22 were qu i t e  smooth, ind ica t ing  the a i r f low conditions were s teady 
over the  model. 
the  only  configurat ion where s teady airf low conditions prevailed throughout 
the t es t  ( f i g .  8).  
coe f f i c i en t s  were obtained with model 8 ( a ) ,  while model 22 had the  highest  
Cm and CN values. 

A t  all other  t e s t  conditions the  force  d a t a  f o r  

Model 7 (b )  ( e l l i p t i c a l  nose and 6-1/2' b o a t t a i l  angle) i s  

The lowest l e v e l s  of normal-force and pitching-moment 
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Axial-force coefficients are presented for all the models at a = 0 in 

Model 7(b) had the lowest 
figure 9. Angle-of-attack data were not presented for CA since the varia- 
tions due to angle of attack were insignificant. 
values of axial force over the Mach number range of the investigation and 
model 8 ( a )  had the highest values (fLg. 9) .  

The wind-tunnel operating procedure was to record data at discrete Mach 
numbers beginning with the lowest and increasing to the upper limit estab- 
lished for each configuration. 
repeated after decreasing the wind-tunnel free-stream velocity from M = 1.19. 
Figure 10 shows that the 
that Mach number was approached from a higher or lower Mach number. The flow 
was separated from the boattail area when the data were taken after increasing 
the Mach number, while for the data taken after decreasing the Mach number 
the flow was attached. 
regions has been previously observed for blunt bodies in transonic flow 
(see, e.g., ref. 5). 

With model 8(a), the data at M = 1.00 were 

Cm and CN cwves at M = 1.00 depend on whether 

This kind of "hysteresis" effect for separated flow 

CONCLUDING REMARK3 

Force measurements for five hammerhead configurations were obtained in 
The Mach number was varied from 0.70 to 1.20, a wind-tunnel investigation. 

and model angle of attack was varied from -1' to +bo. 

For three configurations the curve for pitching-mment coefficient had 
a negative slope over a narrow range of model angles of attack and free- 
stream Mach numbers. In a previous investigation these three configurations 
were found to be dynamically unstable at the angles of attack when the Cm 
slope was negative. The highest pitching moments and normal forces were 
obtained from model 22 which had a 20' boattail. Model 8(a) (30' nose and 
8.2' boattail) produced the lowest pitching moment and normal force, but 
the highest axial force. 

Model 7(b), with the elliptical nose and shallow boattail angle (6-1/2'), 
had. the lowest axial forces and steady airflow throughout the range of the 
tests. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, Calif. 94035, May 29, 1967 
124 -11 -04 -09 -00-21 

4 



1. Robinson, Robert C.: A Wind-Tunnel Investigation of the Dynamic Stability 
of Axisymmetric Models With Hammerhead Noses in Transonic Flow. 
NASA TM X-787, 1963. 

2. Coe, Charles F.: Steady and Fluctuating Pressures at Transonic Speeds on 
Two Space-Vehicle Payload Shapes. NASA TM X-503, 1961. 

I 3. Coe, Charles F.; and Nute, James B.: Steady and Fluctuating Pressures 
at Transonic Speeds on Hammerhead Launch Vehicles. NASA TM X-778, 1962. 1 , 

4. Cole, Henry A., Jr.: Dynamic Response of Hammerhead Launch Vehicles to 
Transonic Buffeting. NASA TN D-1982, 1963. 

5. Reese, David E., Jr.; and Wehrend, William R., Jr.: An Investigation of 
the Static and Dynamic Aerodynamic Characteristics of a Series of 
Blunt-Nosed Cylinder-Flare Models at Mach Numbers From 0.65 to 2.20. 
NASA TM X-110, 1960. 

5 



115.6 c 

9 I .60 r- 

Moment r center 

- 

Moment r center 

- 

(a) Models 8(a) and 24. 

91.60 

c H  6.07 37.55 
,- 20° boattail 

(b) Models 22 and 23. 

L Ellipse 

NOTE: All dimensions in cm. 

(c) Model 7(b) .  

Figure 1.- Sketches of models. 
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Figure 3.- Typical deviations of force  measurements in steady and unsteady 
a i r f low f o r  model 24. 
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Figure 3. - Concluded. 
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Figure 9.- Axial-force coefficients for the five models at a = 0'. 
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Figure 10.- The effect of increasing and decreasing Mach number on force 
measurements for model 8(a) at M = 1.00. 
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